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[Title of the Invention] MACHINING CENTER, CLAMPING DEVICE AND 
CLAMPING METHOD FOR MACHINING CENTER 

[Abstract] 

[Problem] To provide a machining center in which clamping and 
unclamping of a workpiece to be machined can be automatically 
performed, and a clamping device and a clamping method for the 
machining center. 

[Solution] A machining center 1 has a clamping device 

10 for fixing a workpiece 60, a spindle 50 with an adapter part 
51 to which various tool can be removably attached for 
performing operations with a tool attached to the adapter part 
51, and a tool changer 42 for changing the tools to be attached 
to the adapter part 51. The clamping device 10 has a 
pressurizing part 121 for clamping the workpiece 60 and an 
operation part 111 for causing the pressurizing part 121 to 
perform clamping and unclamping operations . The adapter part 
51 of the spindle 50 can carry a clamp tool 19 for operating 
the operation part 111, and the tool changer 42 can attach and 
remove the clamp tool 19 to and from the adapter part 51. 
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[0005] 

[Means to Solve the Problem] 

A first invention is a machining center provided with a base 
for mounting a workpiece, a clamping device for fixing the 
workpiece on the base, a spindle with an adapter part to which 
various tool can be removably attached for performing 
operations with a tool attached to the adapter part, and a tool 
changer for changing the tools to be attached to the adapter 
part, the base and the spindle being configured to be freely 
moved relative to each other, 

wherein the clamping device has a pressurizing part to be 
brought into contact with a workpiece to clamp it and an 
operation part for causing the pressurizing part to perform 
clamping and unclamping operations, the adapter part of the 
spindle can carry a clamp tool for operating the operation part, 
and the tool changer can attach and remove the clamp tool to 
and from the adapter part (Claim 1). 
[0006] 

In the machining center of the first invention, the clamping 
device has an operation part for causing the pressurizing part 
to perform clamping and unclamping operations . The adapter 
part of the spindle can carry a clamp tool for operating the 
operation part. 

Thus, in the machining center, the pressurizing part of the 
clamping device can be brought into contact with a workpiece 
to clamp or unclamp the workpiece by operating the operation 
part with the clamp tool attached to the spindle. 
[0007] 

Since the machining center has the clamping device and the clamp 
tool, it can perform clamping and unclamping operations as steps 
of an automated operation process thereof. That is, the 
machining center can automatically perform all the steps after 
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placing a workpiece on the base, from clamping the workpiece 
through machining the workpiece to unclamping the workpiece. 
Thus, according to the machining center, the operator has only 
to place a workpiece on the base and take it away from the base 
and does not have to perform clamping and unclamping operations 
manually. 
[0008] 

As described above, according to the machining center, since 
the clamping and unclamping of a workpiece can be automated, 
the entire operation can be carried out efficiently. 
[0009] 

A second invention is a method for claming a workpiece in a 
machining center having a base for mounting a workpiece, a 
clamping device for fixing the workpiece on the base, a spindle 
with an adapter part to which various tool can be removably 
attached for performing operations with a tool attached to the 
adapter part, and a tool changer for changing the tools to be 
attached to the adapter part, the base and the spindle being 
configured to be freely moved relative to each other, 
wherein the clamping device has a pressurizing part to be 
brought into contact with a workpiece to clamp it , and an 
operation part for causing the pressurizing part to perform 
clamping and unclamping operations, the adapter part of the 
spindle can carry a clamp tool for operating the operation part, 
and the tool changer can attach and remove the clamp tool to 
and from the adapter part, 

wherein the clamping operation for clamping the workpiece with 
the clamping device comprises a tool attaching step of attaching 
the clamp tool to the adapter part with the tool changer, a 
clamping step of bring the pressurizing part into contact with 
the workpiece by operating the operation part with the clamp 
tool, and a tool removing step of removing the clamp tool from 
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the adapter part with the tool changer, and 

wherein the unclamping operation for unclamping the workpiece 
fixed by the clamping device comprises a tool attaching step 
of attaching the clamp tool to the adapter part with the tool 
changer, an unclamping step of separating the pressurizing part, 
from the workpiece, having been in contact with the workpiece 
by operating the operation part with the clamp tool, and a tool 
removing step of removing the clamp tool from the adapter part 
with the tool changer (Claim 8). 
[0010] 

In the clamping method of the second invention, the clamping 
operation for clamping the workpiece with the clamping device 
includes the tool attaching step, the clamping step and the tool 
removing step. In the tool attaching step and the tool removing 
step, the clamp tool is attached to and removed from the adapter 
part by the tool changer. 

In the clamping step, the operation part of the clamping device 
is operated by the clamp tool attached to the spindle. By 
operating the operation part, the pressurizing part is moved 
into contact with the workpiece to clamp it . 
[0011] 

The unclamping operation for unclamping the workpiece from the 
clamping device includes the tool attaching step, the clamping 
step and the tool removing step. The tool attaching step and 
the tool removing step are the same as those in the clamping 
operation. In the unclamping step, the operation part of the 
clamping device is operated by the clamp tool attached to the 
spindle. By operating the operation part, the pressurizing 
part having been in contact with the workpiece is moved away 
from the workpiece to unclamp it. 
[0012] 

Thus, in the above clamping method, the clamping and unclamping 
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of the workpiece are performed by the clamp tool attached to 
the spindle . Thus , the clamping and unclamping of the workpiece 
can be automatically performed as steps of an automatic 
operation process of the machining center. The operator 
therefore does not have to perform clamping and unclamping 
operations manually. 
[0013] 

As described above, according to the clamping method, since the 
clamping and unclamping of a workpiece can be automated, the 
entire operation can be carried out efficiently. 
[0014] 

A third invention is a clamping device placed on a base for 
mounting a workpiece for clamping the workpiece, comprising: 
a pressurizing part to be brought into contact with the 
workpiece to clamp it and an operation part for operating the 
pressurizing part, wherein the pressurizing part is moved into 
contact with the workpiece when operation part is rotated in 
one direction and moved away from the workpiece when the 
operation part is rotated in the opposite direction as above 
(Claim 11) . 
[0015] 

In the clamping device of the third invention, the pressurizing 
part is moved into contact with the workpiece when operation 
part is rotated in one direction. The pressurizing part is 
moved away from the workpiece when the operation part is rotated 
in the opposite direction as above. 
[0016] 

That is , the clamping device can perform clamping and unclamping 
only by rotating the operation part. Thus, according to the 
clamping device, a clamping operation for claming a workpiece 
and an unclamping operation for unclamping a workpiece can be 
performed efficiently. 
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[0017] 

As describe above, according to the clamping device of the third 

invention, clamping and unclamping operations can be performed 

efficiently only by rotating the operation part. 

The clamping device is operated by rotating the operation part. 

Thus, the clamping device is highly compatible with automatic 

processing apparatuses such as a machining center. 

When the clamping device is combined with an automatic 

processing apparatus such as a machining center, the processing 

process including clamping and unclamping of a workpiece can 

be automated easily. 

[0018] 

[Embodiment of the Invention] 

Preferably, in the first invention, since the pressurizing part 
of the clamping device is moved into contact with the workpiece 
when operation part is rotated in one direction and moved away 
from the workpiece when the operation part is rotated in the 
opposite direction as above, the clamp tool is engageable with 
the operation part and can rotate it (Claim 2). 
In this case, the clamping and unclamping of a workpiece can 
be efficiently performed within a short period of time by 
rotating the operation part by the rotation of the spindle of 
the machining center. 
[0019] 

Preferably, the position of the pressurizing part of the 
clamping device about the axis of rotation of the operation part 
can be changed depending on the distance between the 
pressurizing part and the workpiece so that it can be in a 
position opposed to a workpiece when it is brought into contact 
with the workpiece and it can be located in a position not opposed 
to a workpiece when the distance to the workpiece is large (Claim 
3) . 
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[0020] 

In this case, it is possible to prevent the pressurizing part 
of the clamping device in an unclamping position from 
interfering with a workpiece to be processed when the workpiece 
is placed in position on the base of the machining center. When 
the workpiece is placed on the base , the operator can move down 
the workpiece held in a position opposed to the upper side of 
the base generally vertically and place it in position on the 
base. 
[0021] 

When the workpiece is taken away from the machining center after 
processing, the operator can move it up generally vertically 
and take it away from the machining canter quickly. 
Thus, in the machining center, the operator can place a 
workpiece on the base and take the workpiece away from the base 
efficiently and reliably. The workpiece is not interfered with 
the pressurizing part, so there is no possibility that the 
workpiece is damaged during the above operations. 

[0029] 

In the second invention, the pressurizing part of the clamping 
device is moved into contact with the workpiece when operation 
part is rotated in one direction and moved away from the 
workpiece when the operation part is rotated in the opposite 
direction as above. 

Preferably, the operation part is rotated in one direction with 
the clamp tool to bring the pressurizing part into contact with 
the workpiece in the clamping step, and is rotated in the 
opposite direction as above with the clamp tool in the 
unclamping step (Claim 9). 

In this case, the clamping and unclamping of a workpiece can 
be efficiently performed within a short period of time by 
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rotating the operation part by the rotation of the spindle of 
the machining center. 

[0033] 

Preferably, in the third invention, the position of the 
pressurizing part about the axis of rotation of the operation 
part can be changed depending on the distance between the 
pressurizing part and the workpiece so that it can be in a 
position opposed to the workpiece when it is brought into 
contact with a workpiece and it can be located in a position 
not opposed to a workpiece when the distance to the workpiece 
is large (Claim i2). 
[0034] 

In this case, when a workpiece to be clamped by the clamping 
device is placed in position, it is possible to prevent the 
workpiece from interfering with the pressurizing part in an 
unclamping position. When the workpiece is placed on the base, 
the operator can move down the workpiece held in a position 
opposed to the upper side of the base generally vertically and 
place it in position on the base reliably. 
[0035] 

When a workpiece undamped by the clamping device is taken away, 
the operator can take it away quickly by moving it up generally 
vertically. That is, when the clamping device is in an 
unclamping state, the pressurizing part has been moved to a 
position not opposed to a workpiece and the workpiece can be 
taken away without being interfered with the pressurizing part . 
[0036] 

Thus, when the clamping device is applied to a mechanical 
processing apparatus such as a machining canter, the operator 
of the apparatus can place and take away a workpiece efficiently 
and quickly. The workpiece is hardly interfered with the 
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pressurizing part, so the workpiece is not damaged during the 

above operations. 

[0037] 

[Embodiments] 
(First Embodiment) 

Description will be hereinafter made of a machining center, and 
a clamping device and a clamping method for the machining center 
of this embodiment with reference to Fig, 1 through Fig. 4. 
As shown in Fig. 4, a machining center 1 of this embodiment has 
a base 20 for mounting a workpiece 60, a clamping device 10 for 
fixing the workpiece 60 on the base 20, a spindle 50 with an 
adapter part 51 to which various tools can be attached for 
performing operations with a tool attached to the adapter part 
51, and a tool changer 42 for changing the tools to be attached 
to the adapter part 51 . In the machining center 1 , the positions 
of the base 20 and the spindle 50 can be freely changed relative 
to each other. 
[0038] 

The clamping device 10 has a pressurizing part 121 to be brought 
into contact with a workpiece 60 to clamp it, and an operation 
part 111 for causing the pressurizing part 121 to perform 
clamping and unclamping operations. The adapter part 51 of the 
spindle 50 can carry a clamp tool 19 for operating the operation 
part 111. The tool changer 42 can attach and remove the clamp 
tool 19 to and from the adapter part 51. 
[0039] 

The method of clamping and unclamping a workpiece 60 in the 
machining center 1 will be described next. The clamping 
operation for clamping a workpiece 60 with the clamping device 
10 includes a tool attaching step of attaching the clamp tool 
19 to the adapter part 51 with the tool changer 42, a clamping 
step of bring the pressurizing part 121 into contact with the 



9 



workpiece 60 by operating the operation part 111 with the clamp 
tool 19, and a tool removing step of removing the clamp tool 
19 from the adapter part 51 with the tool changer 42. 
[0040] 

The unclamping operation of unclamping a workpiece 60 fixed by 
the clamping device 10 comprises a tool attaching step of 
attaching the clamp tool 19 to the adapter part 51 with the tool 
changer 42, an unclamping step of separating the pressurizing 
part 121, from the workpiece 60, having been in contact with 
the workpiece 60 by operating the operation part 111 with the 
clamp tool 19, and a tool removing step of removing the clamp 
tool 19 from the adapter part 51 with the tool changer 42. 
The operations will be hereinafter described in detail. 

[0048] 

As shown in Fig. 1 through Fig. 3, the clamping device 10 has 
a base block 13 having a bottom side 131 in contact with the 
base 20, and a center shaft 14 extending generally vertically 
from the upper side of the base block 13 and having a male 
threaded portion 144. The center shaft 14 extends through an 
arm block 12 having the pressurizing part 121, and an operation 
block 11 is threaded on the center shaft 14 with its female 
threaded portion 113 in threaded engagement with the male 
threaded portion 144. 
[0049] 

As shown in Fig. 1 and Fig. 2, the bottom side 131 of the base 
block 13 has joint pins 132 for positioning engageable with the 
positioning holes 21 of the base 20. The base block 13 is made 
of iron (S45C) so that it can be attracted by the magnetic force 
of the magnet device in the base 20. 
[0050] 

As shown in Fig. 3, the arm block 12 has a key 123 protruded 
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Inward from an inner surface of the hole through which the center 
shaft 14 extends. 

The key 123 is in engagement with a key groove 141 having a 
vertical portion 142 formed generally vertically in the outer 
peripheral surface of the center shaft 14 and an inclined 
portion 143 extending obliquely from an end of the vertical 
portion 142. In this embodiment, the inclined portion 143 
extends through approximately 45 degrees about the axis of the 
center shaft 14. 
[0051] 

As shown in Fig. 3, the operation block 11 has an operation part 
111 having a shape of the head of a hexagon bolt and a cylindrical 
portion 113. The cylindrical portion 113 has an outer 
peripheral groove 112 which is ring-shaped about its axis in 
the outer peripheral surface thereof. 

The arm block 12 and the operation block 11 are rot at ably 
connected by a coupling member 15 engaged with the outer 
peripheral groove 112 for rotation about the cylinder axis and 
joined to the arm block 12 by bolts. 

[0058] 

Then, a clamping step is performed by causing the clamp tool 
19 to rotate the operation part 111 of the clamping device 10. 
In this step, the clamping device 10 in the state shown in Fig. 

I is brought into the state shown in Fig. 2 to clamp the workpiece 
60. Here, the X-Y table 22 is moved and the spindle 50 is moved 
down to engage the clamp tool 19 attached to the adapter part 
51 with the operation part 111 as shown in Fig. 3. Then, the 
spindle 50 is rotated to rotate the operation part 111 in 
engagement with the clamp tool 19 so that the operation block 

II threaded on the center shaft 14 can approach the base block 
13. Then, in the clamping device 10, the arm block 12 connected 
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to the operation block 11 by the coupling member 15 is moved 

toward the base block 13. 

[0059] 

When the clamping device 10 is in the state shown in Fig. 1, 
the key 123 of the arm block 12 is in engagement with the inclined 
portion 143 of the key groove 141 of the center shaft 14 as shown 
in Fig. 3. Thus, when the arm block 12 is moved down, the arm 
block 12 gradually rotates about the center shaft 14 with the 
down movement. In this embodiment, the inclined portion 143 
extends through approximately 45 degrees about the center shaft 
14. Thus, when the movement of the key 123 along the inclined 
portion 143 is completed, the arm block 12 has been rotated by 
45 degrees. When the key 123 is brought into engagement with 
the vertical portion 142, the pressurizing part 121 on the arm 
block 12 is aligned generally vertically with a receiving part 
133 as shown in Fig. 2. When the arm block 12 is further moved 
down, the workpiece 60 can be clamped and fixed between the 
pressurizing part 121 and the receiving part 133. 

[0063] 

Then, an unclamping step is performed by causing the clamp tool 
19 to operate the operation part 111 of the clamping device 10. 
Here, the clamp tool 19 attached to the adapter part 51 of the 
spindle 50 is engaged with the operation part 111 in the same 
manner as in the clamping step. Then, the operation part 111 
is rotated in a direction opposite to the direction in which 
it is rotated in the clamping step. 
[0064] 

In this step, the clamping device 10 for clamping the workpiece 
60 as shown in Fig. 2 is brought into the state shown in Fig. 
1 to unclamp the workpiece 60. Here, as shown in Fig. 3, the 
operation part 111 is rotated by the clamp tool 19 attached to 
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the spindle 50 to move up the arm block 12 movable together with 

the operation block 11. 

[0065] 

When the clamping device 10 is in the state shown in Fig. 2, 
the key 123 of the arm block 12 is in engagement with the vertical 
portion 142 of the key groove 141 of the center shaft 14 as shown 
in Fig. 3. Thus, the arm block 12 is moved upward linearly away 
from the workpiece 60 without rotating. 

When the arm block 12 is further moved up and the key 123 of 
the arm block 12 is brought into engagement with the inclined 
portion 143 of the key groove 141, the arm block 12 is rotated 
about the center shaft 14. Then, the arm block 12 has been 
rotated by 45 degrees and the pressurizing part 121 of the arm 
block 12 has been moved to a position not opposed to the workpiece 
60 as shown in Fig. 1 when the key 123 reaches to engage with 
the uppermost portion of the inclined part 143. 

[0068] 

As has been described in the foregoing, the machining center 
1 of this embodiment has the clamping device 10 constituted as 
described above and can perform clamping and unclamping 
operations by operating the operation part 111 of the clamping 
device 10 with the clamp tool 19 attached to the spindle 50. 
Thus, the machining center 1 can be operated automatically 
including the clamping operation for clamping a workpiece 60 
and the unclamping operation for unclamping the workpiece 60. 
Thus, the operator has only to place the clamping device 10 and 
does not have to operate the clamping device 10 . 
[0069] 

Also, in the clamping device 10 of this embodiment, the 
pressurizing part 121 is rotated about the center shaft 14 of 
the clamping device 10 and moved to a position not opposed to 
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the workpiece 60 when It is in an unclamping state. Thus, the 
workpiece 60 is not interfered with pressurizing part 121 of 
the clamping device 10 when the workpiece 60 is placed before 
processing and when it is taken away after processing. The 
workpiece 60 can be therefore easily placed or taken away and 
there is little possibility that the workpiece 60 is damaged 
at those times . 

[ Brief Description of the Drawings ] 

Fig. 1 is a perspective view illustrating a clamping device of 
a first embodiment in an unclamping state. 

Fig. 2 is a perspective view illustrating a clamping device of 
the first embodiment in a clamping state . 

Fig. 3 is a cross -sectional view of the clamping device of the 
first embodiment taken along the line A- A in Fig. 2. 
Fig. 4 is a partial cross -sectional view of a machining center 
of the first embodiment. 

Fig. 5 is a perspective view illustrating the connection state 
of an adapter part and a clamp tool connectable via a torque 
joint of a second embodiment. 
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[0 0 0 9] 

SJlfcX^K £ K/l/fc, ±IST^y ^SB^X^fcJfc*) #x_& '7 - 

§ * J: -5 mj£ tr*> & v > > ^ K&^xiMtV - * * ? ? y y-tz ^mx$> o X 

'±m?7yymw.\t, ±tz T 7-?K%mLx?7y7-r&nmffit, mwrnm-? yyy 
Wbttxitry? jy^Wfftzt&tzVxD&ft&t&gLX&v), ±fB*e> k;kt)±iet 

> ^l*(ofK *±?E y - * y k i »> ft x. z> X o Mj£ LX £ £ , 

±ib* ? y ymWK <t v xis? ?yy-t&? yy zfftmit, ±my v 
j r*m^x±u??y7j:M:*±UTy-7°?&Kmm-r&v-)i<mmj:mt, ±u?yy 
zfuMcK x y) ±.tmtt3*utt tx±tm j£uz±m v - 9KMmz-&b??> yum t 
, ±uy-)i"f-*yzsv$:m^x±m? ? yyn^±M7 ^^^^wt'y-^ 

y y -/mWK «t V) mfcz ntz ±m*7 ~ ? *t y ? ?.y y-t &r y ? y y ywmt, 
±m y - )v ■f- > v ^ $• « v> r _t i a * 9 > t'xji ^fer^y?^ & y - A<mm 
xmt, ±m?y y yjiM;^ «t *) ±k»^«*»^ ltxib-7 - * k ^-r & xiB^ffitp 
* ±.uv - 9 frh?\*m.-rT y * ^yy^mt, ±&y-fr**y*j**m^x±&* y 
yyjL^±Mrvy^^h^^ry-)v^v)^^mb^h^^^t^mwLbr^ 

[0 0 10] 

xibh 2 o3&§i§ k j: & ^ 7 y y-nmx- &^x, ±m?yy ymm^ * v ±mv - ? * ? y 
y y-rz> ?yy yrtmit, - *mmxMt ±u? ? y yum t ±.uy - km ^ n t 

r^7'^gpn*j-r-5>^ yyyxmvufcmit, v-fr^-x.ywKx vmm-t&o 

ttz, ±.tz?yyyj:mKi5^xii, ±ib* yyymw.<v±imttffiZ, ±sa^tr>K^ 

[0 0 1 1 ] 

ttc, ±tz?7yymmz**)±m T 7-?*Ty?7yy-t2>Ty?7yyfipmit, xie 

^-^0X^It±|B^9>7'Xflt±|B^-^»?^LX^Ii:^^^^o ^^"C, ±IB 
y - )vmmx.nR ^XIS^ - JHfc «9 ^ tX^I , XIS ^ v > K is if & <D t l^#OX 

mx$>z>o ±mry^yyyj:m^^^xii t ±m? vyymw.<D±mm^^, 
xiBxe^ v )v\z^v)tt\itz±%z<7 yyyii^m^x&w-t&o zlx, xib^^^ 

[0012] 

*<n>tz£>, ±m<d? y yy-%mK&^x\$, y-fotyyyftmRVTyfyyyftm 

ibco^ yyyftmTktfry ? yyyftmit, -* s s=-y y*y rwfto 1 * 

■rvytLxsm&^m-f&zk&xz&o wm^n, ^itm^x&uyy 
ftM&vry? yyyftM*$zM-?2>&m&%^ 0 

[0013] 

£o<t ±ie^ yyy^m^XM, n-tv? yyyftm&VTy? yyyftm* 

[0014] 
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m^^y^mma. ±uv-?K%mi,x?7>7-t2>wm%>k, mwm&ngift-tzt: 
^siik** i) o 

[0 0 15] 
[0 0 16] 
[0 0 17] 

[0 0 18] 

[H^o^ife^Bl] 

SriS»^|fi(I^EI4e$**itm: ±IB7 - tfrhmtt* J: ? fMBr*" <fc 3 {ft 

[0 0 19] 

Sfc. ±IB^7 >7£itfc*Jtt4±8B#PJEEaS»i. t ±IB7 - * CT 

-r&k&mv-fKttm-f&VLW.k**), ±ib7~^ t^MPg7i s /£< z^tzt §± 

IB7-*fc*Ni#Lfc^teSi:fr;S> <t ^DS^KTi/^Ii^ifS Lv> (fil*£3) o 
[0 0 2 0] 

7-* t^T^s-WJ-racit^-c^So ^ut, ±fe<*>7-* *mw-t&ftm*mifo-t 

[0 0 2 1 ] 
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ttz, ±fiV-? b±.fflftl£$l>bi)*=fW~rz>Zb&%<, ±ti<Dft%H*lz, ±W7-?Z 
[0 0 2 2] 

[0 0 2 31 
[0 0 2 4] 

^gizmLT&iQ, ±&y- a, ±.mm&^&TbmiRLtz±m??y7mw. 

[0 0 2 5] 

zvm&Kte, ±.m-?z/~yy*y?<7>±tm^&M, ±K7-^i«i:«^t ( -e 

[0 0 2 6] 
[0 0 2 7] 

±f27-^tff$li: L"Ct±, V- ^^fllSO-r- ?<Dtefr, *7 - ? <D%,tf;T- ? - 
^Htf-^ms:Hlv> 0 ±1Bift#^Kfi. ±ISv-^<7)^ 

[0 0 2 8] 

±mTyy?ffib±m?7yzfj:M?b<DmKii, mtyyyj^Mti-teM-r&hfr? 
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[0 0 2 9] 

&Zm<7>*foK®fc2it2>ZLK£ ±fB#JE§&£±fB7~:?^^ft& J: 9^iJrr& 

±.m?7yyj:w?\*, ±ie* 7>^ia^ <t '9±ie»#^ 5 Sr-5c<7)^[o]^t@ifeLT±is 

[0 0 3 0] 

± IB v->~>^-t tt^O±IBV-^^^-*t^a^lSi-S^ttMo±ie 
[0 0 3 1 ] 

Z.<nm^K 14, iflBv^v^-fe iDX« 7-* oTO^^ffi? 

[0 0 3 2] 

£T£g Sum- 

[0 0 3 3] 

£-LfE7-* tMttStlt XIB7-* i:OMIBA*ja: < Zotzk §±|E7 

[0 0 3 4] 

tt, ? > X flDXfflo?-**, »fi6tf!)«tK 

i^^-ClSo fit, ±ffiKfi«ft#££*1-*fci!SfcoTli, ^?>fM^f4, ±IB 

[0 0 3 5] 

14, ±IB#ffi£&f4, ±|E7-* fc#A#L*»/>fl:1lfc1M&LT^«>fci&, ±fBO-i:<7- 
[0 0 3 6] 

Ztz, ±B7-*fc±fEWJE^i:* s T^£££rf> s 4>fc<, ±fB<7>fi^<f ±fB7-* 
[0 0 3 7] 
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mmm 1 ) 

f^yy^mK^^x, m 1 -ma *m^xmwi-&o 

=s -y 7 *? 1 it, ®4 Kyjk-fZt < , 7-^60*8ftJ^-720t, 
m^<-X2 0±K±fB7-*6 0*@5et4^7>^il Ok, m* *X^**JKBTffi 
^T^y^fP5 1 ^T^y^^5 1 fciSSfStlfcX^KJ: 

LT^So f LT, COv-^V'^-fe}'* l |i, ±|S^-x 2 0 fc±ffi* fef > K;P5 0 t 

10 0 3 8] 

±fB*?>7^Sl Ofi, 7-^6 OfcMS»LT* 9 ^ WJBESfci 21ir, ftfPi±$& 
l 2 l 7>^|&f^XliT^^ <7>7%iWZ-£Z>ti*><oUttU lilt £3T LTis 19 , 

k;v5 o<7>r^y^^5 1 \±, mrm\ 1 1 tn^tstfe©^ ^t-xa 1 9 

[0 0 3 9] 

m^lM^^-yy^y 9 1 K£v>T7-^ 6 0 £^ 7^^7>^tJ^:o 
^Tt^-r&o ^7>7*^fil 0^J:l97-^6 0 £^ 9 ^"T^ ^ 7 ^TTJ^fi, 
)V<f-*>Vv4 2*m^X? 7>7"I*1 9^T^y^^5 1 t|6*t4 '7 - JHfe*X|i 
. * 7 > 1 9 «fc «9 &ffc*B 1 1 l LT#PJ±£& 1 2 1=5-7-^6 0i:^t? 

■**^7>'7'xfit, *;-*f*^yi-4 2 *m^x? 7 y-f^.^ i 9^±ier^7'^^ 

5 1 tf^^ WT^-Jl^ WLXfi£^£>&& 0 
[0 0 4 0] 

ifc, ^7^:/^fil OK J: 19 @5e£ tlfcV-jr 6 0 £ T > ^ 7 > & T > * 9 > 7"^ 

7-JI^3*X*it, ^^V/I^ 1 9 KX I 1 »LT7-^ 6 0 KlS«-*- 

*#JEESBl 2 1 £±fS7-^ 6 0^f>5l§»"rT>^9>yX5gt f V - v 4 

[0 0 4 1 ] 
[0 0 4 2 ] 

±IB^-^.2 0(i, @4l:^tr^<, JDXI"^ £ 7 - * 6 0 £ @5e-T * t B&fi3S 

tti&x£2> x i %n$k<D%£M'* ? — yfc £ ztfLWikibll 2 l ffwmxib&o ZhK, 

2 o mi, w^-h^kj: tymt>*&&* *)&A_wmzmj&ztitz^r* 

[0 0 4 3 ] 

±fa*e> k;v5 o »*. @4^trt< ( m^ijt, «»: ? fc« 

, mry7?&5 i Kiijjnx@fi<jKiSCTtt^<?5x*s-^i9#»t&cit* s -e «* a ci 

[0 0 4 4] 

*LT, 7-«^i4 0li, @4^tri:<, J«lX»c*S4ffi«:^H<OXA*«« 
F7*-4 1 h?*-4 1 frbXMc&M*) £b L_tfE7:r7*$& 
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5*1 K$L'y)iilt2>y-^?-x.>iSv 4 2 t ^fb^&^g-C^So £ <7)>y - 4 0 

tit, ±ie#f^A*^S3 0 lei i?A*?tL7tiDXffi^H^o*#, 7^:/*g&5 1 Klfc^tt 
>7 -& X^ £ i T £ £ «t 9 L T * & 0 

[0 0 4 51 

*Jl^4 lit, tI**JV^4 1 1 KI^^M-ri>n 4 1 3 kfrh%2> 

0 ttz, ±ISX**;V^4 1 1 i4, X*^l?/HLP4 1 2<DGLW.^*t:t gpl^IjX 19 
£BLP4 1 2^(OlI(?)SASy f , Xfl r $t»)aiLP4 1 2 K&SX^HJ&t^S; * 4 7 

[0 0 4 6] 

yy*> 4 2 f4, 0 4 K^-rrt < , x tT> 5 0 c7)#^^ ±|ei^^ V) 
aJLP4 1 2«5+^j»t *ftJlEill±<^>»4'^*aaia<g*[|4 2 3 HlR»)#ttT**o ? 
-;Pf-^>^-V4 2*4, i ^0151* 4 2 3^ ») ^HISTO* 4 dflDjfcS tLfcEfeT-A 4 
2 2t, 4 2 2<DM3HHga:»te>*L, I***B#-f & fc**)!** * y 4 

2 1 t £^i-& 0 

[0 0 4 7] 

*LT, >- 4 2 f4, H14 tc^-rrt < , J*. \± y h*)l<5 0 OXIBT^y^gB 

gvyL&ftmk*mm^i&-e%&t$iK, ±aax^jR»)ajLP4 1 2Hai«ii-*f^iitt 

[0 0 4 8] 

±fE* 7 >7&W. 1 0 f4, El 1 -13 3 C^tri < , ±f&^-X2 0KM&-t2>mx$>& 
M 1 3 1 *^fr^±^rn-y^ 1 3 i£±&-7*n 1 3 <0±m^^W.^^H^^ 
2tlX\<*&b&K, ItfaDgPl 4 4*Se»t^:-fc>^tt 1 4 t ^tLT^So fU, t£-fe 

1 4 KJ4, ±ffi#JESPl 2 1 *tt*7-A^0y ^ l 2tfMMLX^2> k&iz, 
±|B 1 4<7>it;feDg&l 4 4 H«#i"*«6teDgjl 1 3 * WW X 7 U y 9 

1 1 ^Itv^o 
[0 0 4 9] 

$£>k, ±ie±^^n^^ 1 3i4, m i%.{fm 2 n^-r-rt <, ^usi 3 1 m±, ^ 

-*2 0 <7>±fEtefi&i?>?L2 1 t#^-r^^fi^fc»-ii:ffl<?5^e^ l 3 2 rt s S2IS: $ tlT</> 
So £tz, ±§/ny;7i 3li, 2 0 OXIfiVi/^ y MSfiotttfjfcJ: ^-£"C# 

&4?$; (S45C) LTMLT^So 
[0 0 5 0] 

ii-e, XIEr-A^uy ^ 1 2 14, 12 3 K^-frt < , 4 *fa?**sa 

ft^K^ft-f 1 2 3 £31" LTV^&o 1 2 3 f4, -t>^«14 

K^»jS*|fl»c|fi:»tfe*LfeSigaJl 42i, iiil^l 4 2 t aUSU*ifr#fc]fcK»*S>*i. 
fcmHffl 4 3i^ttl.*-?Il 4 H:«^LTv^ 0 ±ffl«$*8B 1 4 

3 14, -fe^**! 1 4 0*fc^*+4j»fc LTK&4 5JK<Z>f&HK=brt:o"C|£»7T;$>£o 
[0 0 5 1 ] 

tit. 1M/o>^1 1(4, H3 K^-f <, G^^^f^IM^ttS^ 
g&l 1 It, P9M^1 1 3 kfrhZZo 1 3^ffiCli, -e^ntstt**^ 

*LT, ±fE7-A7ny* 1 2 fc±ffi»f^"Tn^^ 1 1 t (4, EJmJi?t 1 12C, ± 

f&Fiffimm*)K®mmm%ffi&x'%:G-f & ±E7-Ayn?^ 1 2k#*^ 

[0 0 5 2] 

±IE<7>rt ^J^ttfcv^^-fe^ 1 £ffl^T, XIE7-* 6 0 9 
9^^***ifii-*»ci4, *^W*J4, HftA77^fi3 0 £4 *} 6 0 

afcgBMiw-r*fli««:*tfinxtii«*A^-r*o 

£45, ^ct)A1jI4, ±IEADXif$g^*^r-rs^^l : 31ffln^n^-^^^<b<or' 
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[0 0 5 3] 

f ut, nm%i±, mz.'f&y-? 6 o<oaaitw»j&^*±SBfi:itft«e>?L2 it, 

^II 0O±IE«-^tT> 1 3 2 H J MtSJ:M3 7>yiil 0£18:ffi?-&o ^ L 
T£^K, JjUlffloy-^ 6 0 2 0±<7)WTfc<7)UWKmWi1-&o *<Dtk, 

[0 0 5 4] 

Z<D&, WM^it, A--x2 0±^SE^Ii:7-^6 0*iin o Z<Dk%, T > 
?9>7Vi1&K&&? 7>^iil 0 <7)±ie#/£gB 1 2 1C, 7-^6 0£.£o*t&^J: 
9^-*2 OKmW-f&o -T^fc)*,, 2 0O±IS^-^ffi2 3 tJEft-f 2>± 7 - 

*6 0£*E#U i7-^ 6 0 *-H&ifrE^f6]TlPl^^T^?^TV^, ^-Xffi2 3<DWr 

[0 0 5 5] 

, ^ 1 0 <7>±fS»fj=g& 1 1 i ?>7x& 1 9 &Ty7?$H5 1 K 

mm-t&y-)i'm%3:m*$ztk-fz>o .r<7)X*i-eti, xiey-^* h ? 4 iti, x^ 

*JW^4 1 1 Kmm-TZ>? 7>yi*l 9^±!BX^i9mtP4 1 2i:SAn o 
[0 0 5 6] 

±ie^-;i/^-i 4 2 f±, ®ijgT-A 4 2 2<7)j8u>igs^gBI§:3 ttrfrl^* ^ y ^ 4 2 

lO?^, -^**X*^»9tfiLP4 1 2(7)#fifc, ffi^ev K^5 0?)T^7**g|$5 

1 offififc** J: -9 fcEUST- A 4 2 2 £HJ3£S«o -^H+r;ft4 2 1 »i, 
X*^l9mLP4 1 2 * X^ fit, 7^7-^5 1 KWL^^&M*) 
WfbilX^iltf, ft&^<7)X*^r^ y 4 2 1 fi, >£<7>X*£le^ LT, T^-/^$B5 
1 

[0 0 5 7] 

* L"C, y-JPf-*:/-^* 4 2 {J, ISfeT-A 4 2 2 £ 1 8 0 MISS o -eoteE-C 
, $>^>V>»iX*iPJ^{iJLP4 1 2^3g*p-r* 0 -tOft, 7-ffx>y*f4 2 fi, *fcT> 

F;w5 0 tX*^»?tbLP4 l 2 Srie^E^tm&S^c-r^^lRjUlEllgT-A 4 2 2 ^fpjtt 
^•eisr-A#iffif[:, @^7~A 4 2 2 ^iS?ttin 0 i^i^tx 

, ««iJDX**^lif^*4»<^^kfV Kn/5 0 t, EIIST-A 4 2 2 £ OT^SrSfrit LT</> 
[0 0 5 8] 

^<D9 9>^JlM:1 9CJ: 0 *>SffcSB 1 1 1 £ ©4E t Tff 0 * 9 

6 0 £^ v V7-f& i><7)X~&2> 0 ZZXli, m 3 KTjk-T Z t < , X-Yf-7 
iV2 2*ii?*, ^e>K;V50^$tt, T^*$&5 1 KywttHfz? 
Xftl 9 Sr&ftgBl 1 1 Kff<fr£-£t. f LT, 7,k^KjV5 0*@|£3«, ±|5-t>* 
Ml 4i:«^tJj|#7*n7^ l lTO7*n^ 1 3fcj£o*< J: 9, ^7>7*I*1 9 
c«-fri-*J»fls»i 1 1 «rii^£*^i-* 0 ^^-r-st, ??y?mw.i oc*v»t, %@ 

«W 1 5 =£-^LT»ftrn t8f»Jii67-A7*n ^12 li, ±^7n ? ? 1 

3 K&o*< J: -9 &W)'t&o 
[0 0 5 9] 

HI 1 <Ot£SgK&;i>^ ^^^fi 1 0 H*$v*T»i. m3i^-r^t<, 7-A7D-^12 
<7)±fB*- 1 2 3fi, -feV^JWl 1 4<7)±fE*-jf 1 41tf)9 *>mmUl 4 3fc«£-LT^ 
S.loT, 7-A7*n^l 2^Ti$Lt^<i, f©TltffoT7-A7*D7^ 1 

2 1 4ft 9 S-^KEJifST&o #&ffiffinNi, ±!BM^14 3», 
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1 4 **>L-k LTB&4 5J^^H^iS;Jtf)nTi/^o *<n>M, ±IBM^fB 1 4 3 ^f&o 
fc*- 1 2 3<^^KJ^T1--?. t, l 2 »i 4 5 J&EHlS-r & CI i: £&£ 0 Z 

LT, 1 2 Ziim%^ 1 4 2 h, T- A t*o y ^ l 2 ^@5|£ S titiWJ±U 

1 2 Hi, @2^trt<, £»tgfll 3 3 tB&#&E^±^^^o f LT? f>H, T-A 
■fvy? l 2£TI$£-£T^< #l£g&l 2 1 tgtfgBl 3 3 i:©H(:7-^ 6 0 
& L T @ 5e -T & £ t ri< -e £ & o 
[0 0 6 0] 

±fE<0* 7>/I* 1 9 =SrT^-/^^5 1 ^fcttW^y-Ji'tt WLie*** 
-f&o ££T»i, 7^7**£&5 1 vyfJL%\ 9 *fy*)WlftzX\s> K;U5 0 £±fE 
XA£&&fiKf£i&S^#aS-£& ±SBX J MK»)tfJLP4 12 HJi, ^WligC 

-r & jpxffl x^ * & a l r & < o 

[0 0 6 1 ] 

f LT, > v ^ 4 2 OlUfeT- A 4 2 2 £@ijg$-£, ^IsMST- A 4 2 2 

tb LP 4 1 2<7)tli:<i:SJ:9 K-T& 0 M^I^f?ft4 2 1 (i, Zti't'ti 
, TV?*^ 1 H^l9#tt^>tL^^ 7^/1* 1 9, X^«?aitP4 1 2<7>HDIfflI 
ASrffi^T&o -€-<7)?£, 4 2 »i, 0e7-A 4 2 2*18OJS?t, ^ 

9^^1*1 9*X^l9aiLP4 1 2KMm-t&t&K, iPX^X** T 5 1 

KfrfcKMftft&o ^-<7>?£, 0^T-A 4 2 2 ^, ±ier-A#^Si:^S<J: 90^ 

[0 0 6 2] 

— 7-^cr)ijpX^*?-x.^:mmi, ^7>7"til OK J: *) mfcZtitzV - ? 6 0£T 

T^:/*g&5 1 ^^l9#tt^tL^iJDXfflX*^^^^L, ±1E<7>* 7>7-I|:l 9 T 
^7"^^5 1 Kfl^J^ttlt&o 
[0 0 6 3] 

%LK, i(?)^7>7 , IAl 9*ffli/>T, ^ yy^mWl 0<DS^1 1 1 ^SftLTfi^ 

ry? 7 y7JLm*%M-t&o ±m<v? 7 yynmt mm, ^e>K;i/5 0o 

7^7^£&5 1 KW*)ttlfhtltz? yyyXMd 9%, SftSM 1 1 K#^£« 0 ^ L 

r, ±u? jyyjLmK&^x, mrtffii 1 1 ^m^^-^fz<Dtm<D^m^, wrt^i 1 

[0 0 6 4 ] 

£?)x*ifi, m2<Dzt < 7-* 6 o 9^:/-r&* 9 yymn 1 o gn«t 

LTV-^ 6 0SrT>'^9>7'1-^ ! bO-e^>^>o iitli, EI 3 K^t" r ,5: < , xt'y K 
)V5 0 KM*)ttlf$>titz? yy^JlMr 1 9 fc«fc ij jftf^SRl 1 1 ±&»ft?u 
t-ft»^l*t4T-ArD^ 1 2 t£±#£-£TV* < 0 
[0 0 6 5] 

m2 <owmk$>z>* y y/^w 1 o k&^th, 123 i^i-rt < , 7»a/d-^i2 

<S9±IB4r~ 1 2 3 ii, -bV^W 1 40±fE*H# 14 *>^E£&1 4 2 fcflteLTV* 

&o t£oT, 2li, 4-f, <ffiRttKlJ:#U 7-^6 

:^)7-A7"n^l 2**3 fcfc_h#LTi/>£, ^ + - 1 2 3 t+-j|l 4 1 0«$*3B 
1 4 3 ttf s #^T& <fc ^C^St, 7-A7"07 9 1 2 {i-tr>^«| 1 4 »9 Cl^fJo 
f LT, dc^^r- l 2 3 36 S W§& 1 4 3 0t±g5C#^tSCU i^Ht:, ±|BT- 

a/O'^ 1 2»i, m i K^-rrt < f 4 sjseiisl, -eco^ji^i 2 i»i, ±ie 7 - ^ 

6 0 tW-WLft^ffiiSfcftio 
[0 0 6 6 ] 

~&L\z, y — fr+x.V*J*e 4 2K£*)? yyfJLM: 1 9*Ty7?35 1 *^fl5t ij^^-y - 
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^7t4«, 
[0 0 6 7] 

MZ^M-t&o HI Kyjil-Zt <, ?7>?mWl OOffffig&l 2 1 »i. 7- 

9 6 0 fcttttL&vttftfc 4otv»4o Lfc^oT, ±IB<7)7 - * 6 0 £0 JUTSftlStK 
fcl^Ttt, 7-^6 0 **MfrE#fflfc#^±tf* CLTft^ it^TlSo 
[0 0 6 8] 

U 3&*o, -ec^ftgB 1 1 1 £, v K;V5 0 K^l^jUftz^ 7 1 9 KJ: <9 » 

^-b>^ i te, 7-^6 o 7 yrf-t&t jv-fftm&xfTy ? ?>-?-fi>T>* 7 s 

i o , i^7>^n o **^t4ie>s^4v>o 

[0 0 6 9] 

Hi, * 0cO-b>^HIll 4cOiS «9 ^H^L, 7-^ 6 0 tWL^va o ^ 

ffii^8ftt4J:ofllJfiLU4o ^©fcft, 2JDXM07-* 6 0 Sr*fiL, Xfi, iPX 
^7-^ 6 o bmU-t&K^tz-oX, ^ 7>7^® 1 0O*fJE£B 1 2 1 tV-jr 6 0 k 
WtSii^Wo U<«oT, 7-* 6 o<7>|g:S, t^LW^tMt* 

*), *«>R*K7-* 6 0 fcfc*fsh*TL$ ? fc-€-*t**^ft^ 0 
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